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Abstract 
A family of homo-valent ([Co(II)7(OH)6(L1)6](NO3)2 (1), [(MeOH)2Co(II)7(OH)6(L1)6](NO3)2 (2) 
(where L1H = 2-iminomethyl-6-methoxy-phenol) and hetero-valent 
([(NO3)2Co(III)Co(II)6(OH)6(L2)6](NO3)·3MeCN (4) (where L2H = 2-iminophenyl-6-methoxy-
phenol) complexes possess metallic skeletons describing planar hexagonal discs. Their organic 
exteriors form double bowl shaped topologies, and coupled with their 3-D connectivity, this results in 
the formation of molecular cavities in the solid state. These confined spaces are shown to behave as 
host units in the solid state for guests including solvent molecules and charge balancing counter 
anions. Magnetic susceptibility measurements on 2 and 4 reveal weak ferro- and ferrimagnetism, 
respectively. The utilisation of other Co(II) salt presursors gives rise to entirely different species 
including the mononuclear and trinuclear complexes [Co(II)(L2)2] (5) and [Co(III)2Na(I)1(L3)6](BF4)  
(6) (where L3H = 2-iminomethyl-4-Bromo-6-methoxyphenol). 
 
Introduction 
The design and synthesis of self-assembled molecular flasks and containers capable of encapsulating 
smaller guest molecules continues to fascinate the scientific community.
1
 This is due to their potential 
applications in both the solution and solid state. Examples of their use in solution include anion 
sensing
2
 and sequestration,
3 
catalytic organic transformations,
4
 enzyme mimetics,
5 
drug delivery
6 
and 
medical diagnostics.
7 
In the solid state interests lie in their potential as gas storage
 
and separation 
vessels,
8 
and as containers for magnetic
 
nanoparticles towards imaging.
9
 Indeed both organic and 
metal-organic molecular flasks / containers are well known in the literature. Their formations are 
driven by a synergistic combination of non-covalent interactions (- stacking, H-bonding, ion 
pairing etc) in the former; and a subtle blend of covalent (metal-ligand bonding) and non-covalent 
pairings in the latter. The well reported bowl-like calix[n]arene cyclophanes (n = 3, 4, 5, 8 etc)
10
 and 
their metallocalix[n]arene
11
 structural relations are examples that highlight these differences. 
Moreover, both of these classes of materials have been reported in the literature to exhibit many of the 
applications noted above. 
Our own work in this field details the solid state guest engagement of highly paramagnetic 
polynuclear host units, due to their rarity
12
 and potential applications as multifunctional magnetic 
materials.
13
 To this end we recently reported a family of heptanuclear [M7] (M = Ni(II), Zn(II)) 
pseudo metallocalix[6]arene host-guest complexes whose self-assembled double-bowl topologies 
resulted in molecular cavities able to accommodate various guest solvent molecules.
14
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Herein we present an extension of this work by showing that we are now able to produce the cobalt 
analogues of this family and for the first time encourage solid state molecular cavity ingression of 
anionic guests using a mixed-valence [Co(III)Co(II)6] double-bowl. Crystallographic information on 
complexes 1-4 and 5-6 are documented in Table 1 and S1 respectively. Bond valence sum (BVS)
15
 
calculations are provided in Table S2. 
 
 1 2.2MeOH 3 4.3MeCN 
Formula
a
 C54H66N8O24Co7 C56H66N8O26Co7 C14H13NO2 C90H87N12O27Co7 
MW 1623.66 1679.68 227.25 2181.23 
Crystal System Trigonal Trigonal Orthorhombic Monoclinic 
Space group P-3c1 P-3c1 P212121 C2/c 
a/Å 14.110(2) 14.041(2) 6.0471(6) 29.2767(15) 
b/Å 14.110(2) 14.041(2) 9.0763(12) 12.9879(5) 
c/Å 22.770(5) 23.036(5) 20.933(3) 24.4043(9) 
α/o 90 90 90 90 
β/o 90 90 90 92.797(2) 
γ/o 120 120 90 90 
V/Å
3 
3926.0(11) 3933.1(11) 1148.9(3) 9268.5(7) 
Z 2 2 4 4 
T/K 150(2) 150(2) 150(2) 150(2) 
λb/Å 0.7107 0.7107 0.7107 0.7107 
Dc/g cm
-3
 1.373 1.418 1.314 1.563 
μ(Mo-Ka)/ mm-1 1.511 1.513 0.088 1.306 
Meas./indep.(Rint) 
refl. 
2353 / 
1767(0.0295) 
2362 / 
2188(0.0184) 
2000 / 
1347(0.0486) 
8489 / 
5388(0.0684) 
Restraints, 
Parameters 
0, 143  2, 153 0, 143 2, 617 
wR2 (all data)
 
0.2796 0.2221 0.1874 0.1693 
R1
d,e
 0.0851 0.0695 0.0751 0.0697 
Goodness of fit on 
F
2
 
1.211 1.194 1.015 1.052 
 
Table 1. Crystallographic data for complexes 1-4 
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Results and Discussion 
Firstly we highlight the synthesis and characterisation of the double-bowl complexes 
[Co(II)7(OH)6(L1)6](NO3)2 (1) and [(MeOH)2Co(II)7(OH)6(L1)6](NO3)2 (2) (Figs. 1 and 2), built 
using the ligand 2-iminomethyl-6-methoxy-phenol (L1H) (Scheme 1(top)).  The molecular cavities 
remain empty in 1 while they are able to accommodate MeOH guests in 2. Both complexes comprise 
a central Co(II) ion (Co1) surrounded by six outer ring Co(II) ions (Co2 and symmetry equivalent, 
s.e.), which are all connected via 3-bridging OH¯ anions (O1 and s.e) to form a planar, body-centred, 
hexagonal core. This {Co(II)7} topology is known in the literature, however no solid state host-guest 
properties have been described previously.
16
 The six singly deprotonated L1¯ ligands bridge the six 
outer Co(II) ions via the 1:2:1:-bonding motif. These ligands sit alternately above and below the 
{Co(II)7(OH)6}
8+
 plane to form a pseudo metallocalix[6]arene double-bowl (Figure 1b,c). 
Crystallographic inspection of these molecular bowls shows dimensions (base × depth × rim 
diameter) of (Å): 6.27 × 3.96 × 12.89 (1) and 6.25 × 4.08 × 12.12 (2), respectively. 
 
 
Scheme 1. (top): Schematic of the ligands L1H (R = H) and L3H (R = Br) used in this work. (bottom): 
Crystal structure of the ligand 2-iminophenyl-6-methoxyphenol (L2H (3)) as viewed perpendicular 
(left) and along the plane (right) of the phenolic ring. Colour code: Grey (C), Blue (N), Red (O), 
Black (H). Majority of the hydrogen atoms omitted for clarity. Dashed line represents the 
intramolecular H-bonding interaction in L2H, measured at O1A(H1A)
…
N1 = 1.880 Å. 
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Figure 1. (a) Crystal structure of 1 as viewed perpendicular (a) and parallel (b) to the planar {Co(II)7} 
core. (c) Schematic representation of the double-bowl topology in 1 and its analogues. Colour code 
(used throughout this work): Purple (Co), Red (O), Blue (N), Grey (C). H-atoms omitted for clarity. 
 
The molecular cavities formed by the 1D pseudo superimposable columns in the crystal of 2 act as 
molecular hosts by encapsulating two disordered MeOH guest molecules which are sequestered from 
the reaction medium. The first methanol guest is disordered over three sites, lying on the 3-fold axis 
that runs perpendicular to the [Co(II)7] plane through the central Co(II) centre. The second MeOH 
guest has 2-fold disorder and lies at the boundary of the molecular cavity in 2, sitting perpendicular to 
the [Co(II)7] plane (Fig. 2). Interestingly the molecular cavities in 1 remain guest free, choosing not to 
accommodate EtOH solvent molecules - presumably due to steric effects and / or crystallographic 
restraints (i.e. perhaps the kinked nature of the EtOH molecules cannot satisfy the three–fold 
symmetry pattern shown by the linear MeOH guests in 2, as dictated by their identical P-31/c space 
groups). This is consistent with that observed for the Ni(II) and Zn(II) analogues.
14
 Complexes 1 and 
2 crystallise in the trigonal P-3c1 space group and only differ in terms of their guest occupancy and 
therefore are analogous with respect to their packing arrangement (Fig. 3). The 1D [Co(II)7] columns 
in their unit cells are connected via H-bonds to adjacent [Co(II)7] stacks ([Co(II)7]plane…[Co(II)7]plane 
distances (Å): 11.39 (1) and 11.52 (2)), propagated by multiple interactions between the NO3¯ counter 
anions and the individual [Co(II)7] moieties (e.g. O4
…
H5(C5) = 2.406 Å in 1; O4
…
H7(C7) = 2.431 Å 
in 2). More specifically each heptanuclear unit is H-bonded to twelve NO3¯ counter anions which in 
turn connect to six other [Co(II)7] units thus creating (6,12)-connected nets with (4
15
)2(4
48
.6
18
)-alb 
topologies. 
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Figure 2. Space-filled representations of the two crystallographically unique guest MeOH 
molecules lying within the molecular cavities formed by two double-bowl [Co(II)7] units in 
complex 2. 
 
 
Figure 3. (left) Packing observed in [Co(II)7(OH)6(L1)6](NO3)2 (1) as viewed down the c axis of the 
unit cell, highlighting the 1D columns observed in 1 (and 2). (right) Crystal packing observed in 
[(MeOH)2Co(II)7(OH)6(L1)6](NO3)2 (2). The MeOH guests are space-fill represented. 
 
In order to further probe the hosting abilities of the heptanuclear hosts and to attract more intriguing 
guests, we decided to modify L1H at the imine position via introduction of a phenyl group, in order to 
modulate its second order coordination sphere behaviour upon primary {M(II)7(OH)6(L)6}
2+
 planar 
disc formation. The ligand 2-iminophenyl-6-methoxyphenol (L2H (3)) can be easily synthesised (see 
the experimental section for details) through the Schiff base condensation of o-vanillin and aniline. 
L3H crystallises in the orthorhombic P212121 space group (Z = 4) and possesses an intramolecular H-
bond between the phenolic proton (H1A) and the imine nitrogen atom (N1), giving a distance of 
O1A(H1A)
…
N1 = 1.880 Å and hydrogen bond angle of 144.9º. 
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Furthermore the imine-phenyl and phenol rings of L3H (as perhaps expected) twist away slightly from 
one another (via the imine bridge) to give a staggered conformation with a torsion angle (C10-C8-N1-
C8) of 30º. Although structural analogues to L2H (3) have been crystallographically reported with 
various substituents on the imino-phenyl ring,
17
 we present here the first crystal structure of this 
particular ligand (Scheme 1). Upon reaction with Co(NO3)2·6H2O and NaOH in MeOH the first 
example of a mixed-valence analogue of our [M(II)7] double-bowl pseudo metallocalix[6]arenes, 
[(NO3)2Co(III)Co(II)6(OH)6(L2)6](NO3)·3MeCN (4), is formed.  
Complex 4 (Figure 4) differs to its [M(II)7] siblings in that its central Co ion is in the  +3 oxidation 
state,  as confirmed by bond length and charge balance considerations and BVS analysis (Table S2). 
The metal-oxygen core of the molecule is thus {Co(III)Co(II)6(OH)6}
9+
. As a result of this extra +1 
charge, complex 4 is able to accommodate two of its three counter NO3¯anions within its double-bowl 
cavities which is driven by the resultant {Co(III)Co(II)6(OH)6(L2)6}
3+…
NO3¯ electrostatic interactions. 
Indeed this observation is a first for such pseudo metallocalix[6]arene systems. It should also be noted 
that complex 4 is the only polymetallic complex to be isolated using ligand L2H (3), having 
previously produced only monomeric species of  Re, Ru and Co.
18-20
 The two symmetry equivalent 
NO3¯ guests are held in position via their O-atoms (O10-12) by four interactions in the form of two 
long C-H
....
O contacts from the phenyl ring of the L2¯ ligands (C28(H28)
....
O11 = 2.969 Å; 
C38(H38)
....
O10 = 2.653 Å) and three H-bonds formed with donor protons (H1, H2 and H3H) of the 
bridging 3-OH¯ ions within the {Co(III)Co(II)6} core (O1(H1)
...
O11 = 2.280 Å; O2(H2)
...
O11 = 
1.916 Å and O3(H3H)
...
O10 = 1.802 Å), giving H-bond angles of (º): 123.60, 146.98 and 170.50 
respectively (Fig. 5). The C-H
...
O interactions described here are made possible by the staggered 
conformation of the two aromatic rings (phenolic versus imine-phenyl) of each L2¯ ligand upon 
metallation (torsion angles now ranging from 49 to 76 º cf. 30º in unbound L3H); thus giving rise to a 
more distorted double-bowl shape compared to our [M(II)7] analogues. Moreover the role of the 
imine-phenyl groups in 4 should not be underestimated in terms of driving the observed anion 
inclusion, thus highlighting the importance of ligand choice / design and the resulting cavity size and 
shape in this work. 
 
 
← Figure 4. Crystal structure of the 
mixed-valent complex 
[(NO3)2Co(III)Co(II)6(OH)6(L2)6](N
O3)·3MeCN (4) as viewed parallel 
(left) and perpendicular to the 
{Co(III)Co(II)6} plane. Guest NO3¯ 
anions are space-fill represented. 
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Figure 5. View of a NO3¯ anion occupying one half of a double-bowl [Co(III)Co(II)6] unit in 4. 
Intermolecular interactions between the host and guest are represented as dashed lines. Actual 
distances are given in the main text. 
 
In terms of intermolecular connectivity between the individual [Co(III)Co(II)6] units the O-atoms 
(O12 and s.e) of the guest NO3¯ anions form close contacts with aromatic (H10) and aliphatic (H29C) 
ligand protons (C10(H10)
...
O12 = 2.439 Å, C29(H29C)
...
O12 = 2.627 Å). The third NO3¯ counter ion 
lies outside the confines of the double-bowls and acts as another connector of multiple 
[Co(III)Co(II)6] units via C-H
...
O interactions, through the aromatic ligand protons (H3, H4 and H21) 
at distances of (Å): C3(H3)
…
O14' = 2.449, C4(H4)
…
O14 = 2.564 and C21(H21)
…
O13 = 2.357. 
Interestingly the individual double bowl [Co(III)Co(II)6] units in 4 do not stack upon one another to 
form the enclosed molecular cavities observed in the related [M(II)7] host-guest analogues.
14
 Instead 
these units lie perpendicular to one another within the unit cell and pack in wave-like rows along the 
c-axis. These individual rows arrange in a parallel fashion along the a direction of the unit cell with 
alternating wave phases (Fig. 6). Complex 4 is only the second mixed-valence {Co(III)Co(II)6} 
structure to be reported
21
 and is the first to show such solid-state host-guest behaviour. Interestingly 
the formation of 4 in relation to 1 and 2 represents (to our knowledge) the first example whereby 
Co(II) oxidation is observed while the exact polymetallic core structure is retained. 
 
 
← Figure 6. Crystal packing 
illustrations of 4 as viewed across the 
ab plane (left) and down the a axis 
(right) of the unit cell. Only guest 
NO3
-
 anions are shown here (in space-
fill mode). 
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The production of 4 prompted our focus to shift towards solid state guest inclusion of other counter 
anions using our [Co(III)Co(II)(L2)6]
2+
 “vessel”. The first candidate was the O-rich SO4
2-
 anion in the 
hope of interaction with our H-rich planar core (containing six OH¯ bridges). We were also curious to 
know what would occur when we added a doubly negative anion. However SO4
2-
 cavity ingression 
was not observed. Indeed the synthesis of [Co(II)(L2)2] (5) (crystallising in the monoclinic P21/c space 
group upon reaction of CoSO4.7H2O, L2H and NaOH in MeOH), does not contain our anion and 
instead comprises a single distorted tetrahedral Co(II) ion (Co1) bound by two crystallographically 
unique L2¯ ligands. These ligands chelate the Co(II) ion via their imine N atoms (N1 and N2) and 
Ophen atoms (O2 and O4) with bite angles of 94.32º (N1-Co1-O2) and 96.51º(N2-Co1-O4). The 
{Co(II)(L2)2} moieties in 5 are arranged in superimposable rows along the c axis of the unit cell. 
These are held together via multiple H-bonds between aromatic protons (H11 and H12 from same 
L2¯) and Ophen (O2) and OMe (O3) oxygen atoms as shown in Figure 7 (O2
…
H11'(C11') = 2.660 Å; 
O3
…
H12'(C12') = 2.568 Å). On closer inspection the H-bonding in 5 is extensive with each 
monomeric unit interacting with four near monomeric neighbours. The superimposable rows 
propagating along c are also involved in inter-chain H-bonding (along the ab cell plane), again using 
aromatic L2¯ protons (H18, H8) and Ophen (O2) and OMe (O4) donor atoms (C18(H18)
…
O2' = 2.571 
Å; C8(H8)
…
O3' = 2.491 Å) (Fig. S2). 
 
 
Figure 7. Crystal structure of [Co(II)(L2)2] (5) highlighting the close proximity of neighbouring 
monomers within the  H-bonded chains (left) and between the chains (right). H-bonding shown using 
dashed lines. 
 
Undeterred by the unexpected production of 5, we decided to attempt to incorporate the tetrahedral 
BF4¯ counter anion within the {Co(II/III)7} complexes of 1, 2 and 4 by repeating their general 
synthetic preparations using the Co(BF4)2.6H2O salt precursor.  Our thoughts were that by 
incorporating this particular anion we would perhaps: 1) modify the crystal space group and the size 
and shape of the resultant molecular cavity and/or 2) encourage the proton-acceptor F-atoms of the 
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BF4¯ anion to occupy the molecular cavities via interactions with the OH¯ bridging protons located 
within. However, this approach again failed, and instead the complex [Co(III)2Na(I)1(L3)6](BF4) (6) 
was formed. Complex 6 crystallises in the monoclinic C2/c space group in ~25% yield and comprises 
a V-shaped metal-oxygen core whereby a central Na(I) ion (Na1) sits in between two Co(III) centres 
(Co1 and s.e.). Six L3¯ ligand units bridge the {Co(III)2Na(I)} core in 6, two of which chelate  the 
Co(III) ions (bite angle: N2-Co1-O4 = 91.36º); one per crystallographically unique ion. The 
remaining four L3¯ ligands bridge the Co(III)-Na(I) vertices, two via the  η
1:η2:η1:μ-coordination 
mode and two via the η1:η2:μ-bridging mode (Fig 8). The BF4¯ anions in the unit cell of 6 sit above 
the central Na(I) centres (B1
…
Na1 = 4.537 Å) and are partake in hydrogen bonds via the ligand 
protons (H18B and H8) and the F-atoms (F1 and F2) with distances of (Å): F1
…
H18B(C18) = 2.915; 
F2
…
H8(C8) = 2.442. These interactions along with their symmetry equivalents effectively connect the 
individual {Co(III)2Na(I)} units in 6 which pack in the common brickwall fashion along the ab plane 
of the unit cell. These 2-D sheets then lie parallel to one another along the c axis and each are inverted 
with respect to their neighbouring wall (Fig. 9). 
 
 
Figure 8. Crystal structures of [Co(III)2Na(I)1(immp-Br)6](BF4) (6) as viewed perpendicular (top) and 
parallel (bottom) to the V-shaped plane of the molecule. Colour code: Purple (Co), Yellow (Na), Red 
(O), Blue (N), Green (Br) and Grey (C). H-atoms omitted for clarity. 
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Figure 9. Crystal packing observed in 6 as viewed along the c axis. hydrogen atoms omitted for 
clarity. Colour code: Yellow (Na), Purple (Co), Red (O), Dark Blue (N), Grey (C), Green (Br), Dark 
Green (B), Light Blue (F). 
 
Magnetic Susceptibility Studies 
Magnetic susceptibility studies on 2 and 4 were performed in the 5-300 K temperature range in an 
applied field of 0.1 T (Fig. 10). Both show similar behaviour at high temperatures with broad maxima 
(at ~100 K) reflecting the effects of spin-orbit coupling. At ~40 K however the two curves diverge. 
For 2 the value of χMT increases with decreasing temperature reaching a value of ~20.2 cm
3
 K mol
-1
 at 
5 K suggestive of weak ferromagnetic exchange, while that for 4 decreases with temperature reaching 
~13.9 cm
3
 K mol
-1
 at 5 K, indicating weak antiferromagnetic exchange. This analysis is corroborated 
by examining the low temperature field-dependence of the magnetization (Fig. 9-inset) which shows 
that for the same temperature and field, the magnetization value of complex 2 is always larger than 
that of complex 4. An examination of the crystal structure of 4 reveals that the Co-O-Co angles in the 
magnetic [Co(II)6] wheel fall into two distinct categories: those on the outer rim (OR) are in the range 
105.5-107.4 and those on the inner rim (OH) are in the range 95.5-96.3. The former are expected to 
propagate antiferromagnetic interactions and the latter ferromagnetic interactions.
22,23
 On moving 
from complex 4 to complex 2 the inner rim μ3-bridging OH ions now also bridge to the paramagnetic 
central ion and these Co-O-Co angles are also in the range (94.0-98.0) expected for ferromagnetic 
exchange. The conclusion therefore is that the larger outer rim angles dominate the exchange in 4 
leading to overall weak antiferromagnetic exchange but the larger number of smaller inner rim angles 
present in 2 result in global ferromagnetic exchange. 
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Figure 10. Plots of mT vs. T obtained from polycrystalline samples of 2 () and 4 () respectively 
measured in an applied field of 0.1 T and 5-300 K temperature range. Solid lines are for visual 
purposes only. (inset) Plots of M/NB vs H (G) data obtained from 2 (black) and 4 (red) at three 
different temperatures (2, 4 and 7 K) in an 0.5-7 T applied magnetic field sweep. 
 
Solution studies on 2 and 4 
UV-visible solution studies on 2 and 4 in MeCN and MeOH each show transitions at ~260, ~230 and 
~200 nm and are indicative of π→π* excitations. Absorptions observed at wavelengths centred on the 
350-365 nm region in both MeOH and MeCN solutions of 2 and 4 are attributed to n→π* excitations 
(Figures. S5 and S6). ESI-MS measurements on a MeOH solution of 2 gave a parent peak at m/z = 
777.8 which is consistent with the [Co(II)7(OH)2(OMe)4(L1)6]
2+
 fragment. Indeed similar bridging 
ligand substitutions have been observed in previously reported analogues.
16b
 The behaviour of 4 in an 
MeCN solution gave rise to major fragments at (m/z) 623.7, 966.6 and 1995.1 which are attributed 
rather neatly to the presence of the [Co(III)Co(II)6(OH)6(L2)6]
3+
,     
[Co(III)Co(II)6(OH)6(L2)6]+(NO3)}
2+
 and  [Co(III)Co(II)6(OH)6(L2)6]+(NO3)2}
+
 species respectively 
(Fig. S7).  It should be noted here that although the solubility of 1, 2 and 4 (and all other previously 
reported [M(II)7] (M = Ni, Zn) siblings) were adequate for UV-vis and MS evaluations, their poor 
solubility at larger concentrations unfortunately rules out any solution state host-guest measurements 
(i.e. NMR titration studies). 
 
Conclusions 
The production of the metallocalix[6]arene [Co(II)7] discs 1 and 2 highlights the consistent and 
reproducible nature of our recently reported [M(II)7] (M = Co, Ni, Zn) family of host-guest 
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complexes.
14
 Indeed the reproducibility, stability and retainment of this core topology, despite moving 
across the 1st row of the d-block, is extremely rare with respect to polynuclear assemblies.
23
 By 
varying the ligand employed we are able to encourage the accommodation of guest anionic species 
and the formation of analogous compounds containing different oxidation state distributions (e.g. 
complex 4). These changes also have a dramatic effect upon the observed magnetic properties, 
switching antiferromagnetic exchange in the mixed-valence complex to ferromagnetic exchange in the 
homo-valent complex. Attempts at replacing the anion failed, and instead gave rise to the very 
different complexes 5 and 6. These latter findings highlight the fine balance that exists between the 
formation of different complexes and how the identity of the product is dependent upon 1) the starting 
materials present (the type and the number) 2) the reaction conditions and 3) the crystallisation 
methods. In this particular case it is apparent that the presence of the NO3¯ anion has significant 
bearing on [Co7] double-bowl pseudo metallocalix[6]arene formation.  
 
Experimental Section 
Variable-temperature, solid-state direct current (dc) magnetic susceptibility data down to 1.8 K were 
collected on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet. 
Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascal’s 
constants. Each sample was encased in an Eicosane matrix to prevent torquing. CHN microanalysis 
was carried out at the School of Chemistry, NUI Galway. ESI-MS was carried out using a Waters 
LCT Premier XE system coupled with a Waters E2795 separations module.  
All solvents and reagents were used as received without further purification. Caution: Although no 
problems were encountered in this work great care must be taken when working with the potentially 
explosive nitrate salts.  
[Co(II)7(OH)6(immp)6](NO3)2 (1): To a conical flask (100 cm
3
) containing 30 cm
3
 of EtOH was 
added Co(NO3)2.6H2O (0.25 g 0.86 mmol), NaOH (0.034 g, 0.86 mmol) and  2-iminomethyl-6-
methoxyphenol (0.14 g, 0.86 mmol). The resultant dark purple solution was agitated for 2 h and then 
filtered. Purple hexagonal crystals of 1 were obtained upon slow evaporation of the filtrate after 1 
week in 5% yield. Elemental analysis calculated for C54H66N8O24Co7 (%): C 39.95, H 4.10, N 6.90; 
Found: C 40.02, H 3.88, N 6.86. FT-IR (cm
-1
): 3429(w), 3067(w), 2931(w), 2038(w), 1628(m), 
1604(m), 1561(w), 1475(m), 1457(m), 1407(m), 1335(m), 1305(s),1241(m), 1221(s), 1670(m), 
1149(w), 1091(m), 1074(m), 1013(m), 961(m), 883(w), 859(m), 830(w), 787(m), 743(s).  
[(MeOH)2Co(II)7(OH)6(L1)6](NO3)2 (2): To a solution of Co(NO3)2.6H2O (0.25g, 0.86 mmol) in 
MeOH (30 cm
3
) was added 2-iminomethyl-6-methoxyphenol (0.142g, 0.86 mmol). Solid NaOH 
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(0.034 g, 0.86 mmol) was then added and the solution stirred at ambient temperature for 3 hours. The 
solution was then filtered to afford a dark red-brown mother liquor which was allowed to slowly 
evaporate to encourage crystallization. Aliquots of the mother liquor were also diffused with diethyl 
ether (Et2O) towards better quality crystals suitable for X-ray analysis. Dark brown/black hexagons  
of 2 were obtained both from slow evaporation and ether diffusion of the mother liquor with a 
combined yield of 30%. Elemental analysis calculated for C56H66N8O26Co7 (%): C 40.04, H 3.96, N 
6.67; Found: C 40.22, H 3.68, N 6.95. FT-IR (cm
-1
): 3622(w), 3427(w), 2911(w), 2812(w), 1626(m), 
1603(w), 1561(w), 1457(m), 1438(m), 1407(w), 1334(m), 1304(m), 1241(m), 1221(s), 1168(w), 
1091(w), 1073(m), 1032(m), 1012(m), 959(m), 858(w), 829(w), 784(w), 743(s), 683(w). UV/vis data 
[λmax, nm (εm, 10
3
 dm
3
 mol
-1
 cm
-1
) in MeOH: 352 (20.4), 262 (44.6), 233 (90.8); [CH3CN]: 352 (20.3), 
262 (48.8), 230 (107.3), 200 (107.7).  
Preparation of 2-iminophenyl-6-methoxy-phenol (L2H) (3): (Modified from published methods)
17b
: 
To a solution of o-vanillin (2.0 g, 13.14 mmol) in EtOH (40 cm
3
) was added distilled aniline (2.0 cm
3
, 
21.94 mmol), yielding a bright orange solution. The solution was refluxed for 2 hours after which the 
solvent was removed in vacuo. This yielded a dark orange oil. To the oil was added a 1:1 Et2O / 
Acetone mix (total volume of 50 cm
3
) and the solvent again removed in vacuo. The dark orange oil 
persisted and thus Et2O (50 cm
3
) only was added to the oil yielding a golden orange solution. The 
desired solid product (bright orange) soon began to crystallize out of solution. The mixture was placed 
in a fridge overnight (at a temperature of ~2-3°C) to encourage further crystallization of the desired 
product. The solid was isolated via filtration over a sintered glass frit and washed with the minimum 
volume of cold Et2O. The product was received as bright orange crystalline blocks / plates in 83 % 
yield. Elemental analysis calculated for C14H13N1O2 (%): C 73.98, H 5.77, N 6.17; Found: C 73.64, H 
5.36, N 5.77. FT-IR (cm
-1
): 2955(w), 2909(w), 2837(w), 1612(s), 1586(m), 1462(s), 1409(w), 
1361(w), 1329(w), 1250(s), 1194(s), 1090(w), 1075(m), 1023(w), 999(w), 966(s), 910(w), 886(w), 
857(w), 832(w), 810(m), 781(s), 765(s), 735(s), 724(s), 689(s). 
1
H NMR: (500 MHz, CDCl3): δ 13.60 
(s, 1H, OH), δ 8.62 (s, 1H, H-C=N) δ 7.66 (m, 8H, Ar.), δ 2.95 (s, 3H, CH
3
-O). UV/vis data [λmax, nm 
(εm, 10
3
 dm
3
 mol
-1
 cm
-1
) in MeOH: 312 (16.8), 278 (13.2), 225 (25.5); [CH3CN]: 309 (17.6), 277 
(17.5), 226 (30.7), 207 (25.1). 
[(NO3)2Co(III)Co(II)6(OH)6(L2)6](NO3).3MeCN (4): To a solution of Co(NO3)2.6H2O (0.25 g, 
0.86 mmol) in MeOH (30 cm
3
) was added 2-iminophenyl-6-methoxy-phenol (L2H) (0.195 g, 0.86 
mmol) initially affording a dark red-coloured, transparent solution, which gradually adopted a darker 
colour as stirring proceeded. Solid NaOH (0.034 g, 0.86 mmol) was then added resulting in the 
solution adopting a golden red-brown appearance. The solution was stirred for a further 5 h after 
which it was filtered, to yield a dark red-brown mother liquor. The product 4 was allowed to 
crystallise from the mother liquor via slow solvent evaporation. Complex 4 was received as dark red-
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brown crystalline blocks in 15% yield. Elemental analysis calculated for C84H78N9O27Co7 (loss of all 
MeCN) (%): C 49.02, H 3.82, N 6.13; Found: C 48.85, H 3.68, N 6.16. FT-IR (cm
-1
): 3361(w), 
1610(s), 1589(s), 1559(m), 1464(s), 1390(s), 1345(m), 1297(s), 1233(s), 1188(s), 1102(m), 1078(m), 
1038(w), 1022(w), 972(m), 907(w), 848(w), 776(s), 733(s), 694(s). UV/vis data [λmax, nm (εm, 10
3
 
dm
3
 mol
-1
 cm
-1
) in MeOH: 364 (27.6), 276 (97.4), 226 (122.9, 204 (149.6); [CH3CN]: 360 (32.2), 273 
(97.4), 224 (164.5), 200 (226.4). 
[Co(II)(L2)2] (5): To a solution of CoSO4.7H2O (0.25 g, 0.89 mmol) in MeOH (25 cm
3
) was added 
L2H (0.202 g, 0.89 mmol). The solution was stirred to afford complete dissolution of the solid 
material. Solid NaOH (0.036 g, 0.89 mmol) was then added which resulted in a dark red-brown 
solution. This solution was then stirred for a further 3 h under ambient conditions after which it was 
filtered to yield a dark red-brown solution. The solution was then placed in a fridge (at  4ºC). Dark 
red-brown crystalline blocks of 5 were isolated from the mother liquor in moderate yield (20%) after 
4 days. Elemental analysis calculated (%) for C28H24N2O4Co1: C 65.73, H 4.73, N 5.47; Found: C 
65.71, H 4.64, N 5.68. FT-IR (cm
-1
): 1602 (s), 1578 (s), 1539 (m), 1487 (m), 1463 (m), 1431 (s), 1386 
(m), 1356 (w), 1323 (m), 1228 (s), 1186 (s), 1106 (m), 1076 (m), 1028 (w), 999 (w), 980 (m), 905 
(w), 866 (w), 852 (m), 786 (m), 773 (m), 762 (m), 743 (s), 691 (s). 
[Co(III)2Na(I)1(L3)6](BF4) (6): To an EtOH solution (25 cm
3
) of Co(BF4)2.6H2O (0.25g, 0.73 mmol) 
was added L3H (0.179 g, 0.73 mmol). The solution was stirred for 5 mins before NaOH (0.029 g, 0.73 
mmol) was added to afford an opaque-brown solution. The solution was further stirred for 5 h and 
then filtered affording a dark red-brown mother liquor. Following the lack of crystallization of 6, the 
solution was allowed to evaporate to dryness to afford a brown-black residue. This solid was then 
redissolved in MeCN (10 cm
3
) from which X-ray quality crystals of 6 were obtained (in 25% yield) 
upon Et2O diffusion after 2 weeks. Elemental analysis calculated (%) for C54H54N6O12B1F4Br6Co2Na1: 
C 38.47, H 3.23, N 4.98; Found: C 38.26, H 3.44, N 5.03. FT-IR (cm
-1
): 1628 (s), 1590 (w), 1546 (w), 
1463 (m), 1452 (m), 1435 (s), 1354 (w), 1342 (w), 1307 (s), 1238 (s), 1217 (m), 1189 (w), 1098 (m), 
1080 (m), 1052 (m), 1027 (m), 1018 (m), 978 (m), 960 (w), 935 (w), 874 (m), 851 (w), 834 (m), 825 
(m), 787 (m), 758 (m), 689 (s), 666 (w). 
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